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Abstract
The annexins are a family of highly homologous Ca2 + and phospholipid binding proteins. The expressive amounts of several annexins
have been shown to alter in certain pathological states such as brain ischemia and Alzheimer’s disease. It has been demonstrated that ethanol
induces cytotoxicity, which results in brain damage. In this study, we examined the relationship between ethanol-induced cytotoxicity and the
intrinsic amount of annexins using cell lines (rat glioma C6 cells and human adenocarcinoma A549 cells). A decrease in the mitochondrial
enzyme (dehydrogenase) activity, which is widely used to measure cytotoxicity, was observed with a high concentration of ethanol (200 mM
or more) after a 24-h exposure in both C6 and A549 cells. Western blot analysis revealed that the amount of annexin IV was augmented in
both cells by ethanol, whereas levels of annexins I and V were unchanged. The amount of annexin IV was augmented with increasing
concentration of ethanol. The overexpression of annexin IV in C6 cells by transfection with annexin IV-DNA enhanced ethanol-induced cell
lesion and was accompanied by NFnB activation. Thus, it might be indicated that the amount of annexin IV is selectively augmented and this
augmentation facilitates the development of cell lesion by ethanol.
D 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction
The annexins are a family of proteins that bind to both
Ca2 + and phospholipids; particularly acidic phospholipids
[1]. Annexins are widely distributed among species and
tissues, although the precise function of annexins is not fully
understood.
Several annexins have been identified in the brain and the
patterns of annexin expression have been reported to change
during development of the brain and in pathological states.
High levels of annexin II are detected in the human fetal
brain, but it is not detectable in the adult brain [2,3]. The
neuronal cytoarchitectural distribution of annexin VI is
altered and the expressive amounts of annexins I, II and IV
are increased in the hippocampus in pathological states such
as brain ischemia and Alzheimer’s disease [4]. The amount of
annexin I is increased in the astrocytosis of the human brain in
other pathological states [5]. Moreover, therapeutic effect of
the administration of annexin I to the experimentally ische-
mic rat brain was reported [6–9]. We have previously shown
that the amount of annexin IV was significantly increased in
the hippocampus of the postmortem brains of alcoholic
patients, compared with controls [10].
Ethanol induces brain damage by unknown mechanisms.
It has been reported that exposure of isolated neuronal cells
to ethanol (either 120 mM or more) induces Fas/Apo-1
mRNA leading to programmed cell death or apoptosis [11].
Recently, it was demonstrated that Fas-induced apoptosis
was accompanied by expressive and locational alterations of
increasing amounts of several proteins, including annexin
IV, in cytoplasm of Jurkat T cells [12].
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The present study was performed to examine the effect of
ethanol on the expression of annexins in cultured cells (rat
C6 glioma and human adenocarcinoma A549 cells) and the
relationship of this to ethanol-induced cytotoxicity. We
show that the expression of annexin IV is augmented by
ethanol but that both annexins I and V are unaffected and
that overexpression of annexin IV enhances ethanol-induced
cytotoxicity.
2. Materials and methods
2.1. Materials
Reagents were purchased from the following sources:
restriction enzymes and DNA-modifying enzymes, Gibco
BRL (Rockville, MD, USA) and New England Biolabs
(Beverly, MA, USA); antibiotics and IPTG, Sigma Chem-
ical (St. Louis, MO, USA); nB oligo nucleotide probe
and T4 polynucleotide kinase, Promega (Madison, WI,
USA); molecular weight standards and Protein A-Sephar-
ose 4B, Amersham Pharmacia Biotech. (Buckingham-
shire, UK); pET3d vector and BL21(3D) cells, Strategene
(La Jolla, CA, USA); pcDNA3.1 vector, Invitrogen
(Carlsbad, CA, USA); Cell proliferation kit II (XTT),
Roche Molecular Biochemicals (Indianapolis, IN, USA);
[g-32P]ATP, Perkin-Elmer Life Science Products (Boston,
MA, USA).
2.2. Cell culture
Rat glioma C6 cells (JCRB9096) and human adenocar-
cinoma A549 cells (JCRB0076) were obtained from the
Health Science Research Resources Bank (Osaka, Japan).
C6 and A549 cells were maintained in continuous log
phase growth in Nutrient Mixture F-10 Ham and RPMI-
1640, respectively, containing 10% fetal calf serum at 37
jC in a humidified incubator containing 95% air–5% CO2
atmosphere. The cells were not allowed to reach conflu-
ence at any time since the cell viability decreased after
being confluent without adding ethanol. Cells were cul-
tured in serum-free media for 0.5–1 h prior to the addition
of ethanol to the culture media and then cultured for the
indicated times.
2.3. Preparation of recombinant annexins
Recombinant human annexin IV was prepared as
described previously [10]. Rat annexins I and V DNAs
were prepared based on polymerase chain reaction. Total
RNA was prepared from fresh rat brain with an SV Total
RNA Isolation System (Promega). After synthesis of first
strand cDNA, annexin I and V genes were amplified by
PCR with synthesized primers based on the previously
reported sequence of rat annexins I and V [13,14]. NcoI
and BamHI restriction sites were introduced at the 5V and
3Vtermini of the coding sequence of both annexins I and V
DNAs, respectively. NcoI/BamHI-digested annexin IV
DNA was subcloned into expression vector (pET-3d) by
standard techniques. The DNA clone was used to trans-
form E. coli strain (BL21 (3D)). Purification of recombi-
nant annexins I and V was based on Ca2 + -dependent
binding to rat brain lipids by the method of Nelson and
Creutz [15], and Sohma et al. [16]. The purified proteins
were dialyzed against 10 mM Hepes (pH 7.0) and 0.1 M
NaCl and stored at  40 jC until use and used within a
few months.
2.4. Antibodies
Polyclonal antibodies against each annexin were pre-
pared from rabbits. IgG fractions of anti-annexins I and V
antisera were then obtained with a Protein-Sepharose 4B
column. A specific antibody against annexin IV was pre-
pared with a human recombinant annexin IV-conjugated
Sepharose 4B column. Each antibody specifically reacted
with each annexin (Fig. 1). Rabbit antibody againt NFnB
p65 (sc-372) and goat antibody against actin antibodies (sc-
1616) were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA).
2.5. Western blotting and densitometric analysis
After ethanol treatment, culture media was replaced
with 10 mM phosphate buffered saline (PBS). The cells
were harvested by pipetting for C6 cells and by using the
cell scraper for A549 cells, washed once with PBS and
frozen at  80 jC. Frozen cells were thawed and 1 mM
phenylmethylsulfonyl fluoride (PMSF) was added and
homogenized with a pellet mixer (20 strokes) (Treff Lab.
Switzerland) in ice and mixed with an equivalent volume
of PBS, and then sonicated for 10 s at 20 W to homoge-
neity with a probe sonicator and stored at  40 jC until
use. Cell lysates containing 20-Ag proteins were subjected
to polyacrylamide gel electrophoresis in the presence of
SDS (0.1% w/v) (SDS-PAGE) by the method of Laemmli
[17] and then transferred to polyvinylidene difluoride
(PVDF) membrane for 12 h at 12 V with transfer buffer
(10 mM cyclohexylaminopropanesulfonic acid (CAPS)
(pH 11), and 10% methanol (v/v)). The blots were blocked
with 3% skim milk in PBS for 1 h and then probed with
affinity-purified rabbit antibody against human annexin IV
(1:50 dilution with PBS containing 1 mg/ml BSA), anti-
annexins I or V IgG (1:500 dilution) or anti-actin antibody
(1 to 400 dilution) for 1–2 h. The blots were then
incubated with horseradish peroxidase-conjugated goat
anti-rabbit IgG or rabbit anti-goat IgG (1:3000 dilution
with PBS containing 1 mg/ml BSA) (Jackson ImmunoR-
esearch Laboratories, West Grove, PA, USA). Finally, after
washing, antibody visualization was performed using a
SuperSignal West Pico Chemiluminescent Substrate
(Pierce, Rockford, IL, USA). Washing between incubations
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was done with PBS containing 2% skim milk and 0.1%
Tween 20. Densitometric analysis of the stained bands was
performed with an Epi-Light FA500 (Aisin Cosmos R&D,
Tokyo, Japan).
2.6. Measurement of cell cytotoxicity (XTT assay)
To analyze cell lesion by ethanol, the mitochondrial
dehydrogenase activity that cleaves XTT (sodium 3V-[1-
(phenylaminocarbonyl)-3,4-tetrazolium]-bis (4-methoxy-6-
nitro) benzene sulfonic acid hydrate) (Cell proliferation kit
II) was measured according to the instruction manual. Since
only living cells can cleave XTT to form a formazan
product, the magnitude of the absorbance at 450 nm is
proportional to the number of viable cells. Briefly, 1105
cells were plated in a 35-mm culture dish and cultured for
24 h and culture medium was replaced with serum-free
Nutrient Mixture F-10 Ham for C6 cells and serum- and
phenol red-free Dulbecco’s Modified Eagle’s Medium
(DMEM) for A549 cells and incubated for 0.5–1 h at 37
jC. Then, ethanol was added to the culture media and
incubated for the indicated times at 37 jC. After ethanol
treatment, the culture medium was replaced again with 1 ml
of serum-free Nutrient Mixture F-10 Ham for C6 cells and
serum- and phenol red-free DMEM for A549 cells, and 500
Al of XTT solution was added to each of the culture dishes
and incubated for 1–2 h more at 37 jC. Two-hundred-
microliter aliquots of the solution were transferred to a 96-
well plate and absorbance at 450 nm was measured to detect
formazan product.
2.7. Transfection of annexin IV cDNA
Human annexin IV DNA was prepared by polymerase
chain reaction as described previously [10], introducing
NheI and BamHI restriction sites at the 5Vand 3Vtermini
of the coding sequence. The insert (f 1.1 kb, NheI/BamH1
fragment) was subcloned into a pcDNA3.1(+) expression
vector as in the sense orientation. Transfection into C6 cells
was performed using FuGENEk6 Transfection Reagent
(Roche Molecular Biochemicals). One microgram and 5
Ag of the plasmid DNA were used for the 35-mm and 100-
mm culture dish, respectively, according to the instruction
manual.
2.8. Preparation of nuclear extract from cultured cells
Nuclear fractions of cells were prepared by the method of
Dignam et al. [18] with a slight modification. All proce-
dures were done on ice. Briefly, 5 106 cells were sus-
pended in 1 ml of buffer A (10 mM Hepes, pH 7.5, 1.5 mM
MgCl2, 10 mM KCl, 1 mM DTT, and 0.5 mM PMSF) and
lysed by passing them through a 27G-needle connected to a
1-ml syringe (10 strokes), and then centrifuged at 800 g
for 10 min. The pellet was suspended in 1.5 ml of buffer B
(2.2 M sucrose, 20 mM Hepes, pH 7.5, 5 mM MgCl2, and
0.5 mM PMSF) and centrifuged at 40,000 g for 1 h. The
pellet containing the nuclei was suspended with 200 ml of
nuclear extraction solution (20 mM Hepes, pH 7.5, 0.4 M
NaCl, 2 mM EGTA, and 0.5 mM PMSF) and incubated in
ice for 30 min. Finally the solution was centrifuged at
Fig. 1. Specific recognition by antibody to annexins I, IV, or V. Fifty nanograms of recombinant annexins I, IV, and V were resolved in SDS-PAGE and Western
blotting was performed with anti-annexins I, IV, or Vantibody. (A) Coomassie blue-stained PVDF membrane; (B–D) Western blot with anti-annexins I, IV, and
V antibodies, respectively.
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80,000 g for 20 min. The supernatant was stored at  40
jC until use.
2.9. Electrophoretic gel mobility shift assay
Activation of transcription factor NFnB was examined
using consensus nB oligonucleotides (5V-AGTTGAGGG-
GACTTTCCCAGGC-3V). A probe was labeled with
[g-32P]ATP (3000 Ci/mmol) by T4 polynucleotide kinase.
The 32P-labeled probe (1 Al, 20,000 cpm) was added to the
reaction mixture (9 Al) containing nuclear extract (1 Ag), 10
mM Tris (pH 7.5), 4% glycerol, 0.5 mM EDTA, 1 mM
MgCl2, 50 mM NaCl, and 50 Ag/ml poly(dI–dC), and
incubated for 20 min at room temperature. The mixture
was subjected to PAGE (5% gel) for 150 min at 100 V. The
Fig. 2. Effect of ethanol on themitochondrial dehydrogenase in C6 and A549
cells. The mitochondrial dehydrogenase activity was measured as described
inMaterials andmethods. Relative enzyme activity of the cells (either C6 (A)
or A549 cells (B)) after exposure to various concentrations of ethanol for
either 12 or 24 h was shown; the magnitude of the enzyme activity of un-
treated control was regarded as 100%. Data represent meanF S.D. of three
experiments. Hatched bars, 12-h exposure; cross-hatched bars, 24-h
exposure.
Fig. 3. Effect of ethanol on the expressive amounts of annexins I, IV, and V
in C6 and A549 cells. Cells were incubated with 200 mM ethanol for 12 h
and the cell lysate containing 20 Ag was resolved by SDS-PAGE, and then
transferred to PVDF membrane. Western blotting was performed with the
specific antibody against each annexin isoform and actin. (A, C)
Representative Western blots; (B, D) densitometric analysis of the
intensities of the immunostained bands. Relative ratio of annexin to actin
was shown. (A, B) C6 cells; (C, D) A549 cells. A, C:  , untreated control;
+, ethanol treatment. B, D: hatched bars, untreated controls; cross-hatched
bars, ethanol treatment. Data represent meanF S.D. of three experiments.
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gel was dried and exposed to X-ray film overnight at 4 jC.
To verify the specificity of the DNA binding of NFnB,
competition assay was done by adding a molar excess of
unlabeled nB oligonucleotides to the reaction mixture
before the addition of labeled probe.
2.10. Others
Protein concentrations were determined by a BCA Pro-
tein Assay Reagent Kit (Pierce) using bovine serum albumin
as standard. Statistical analysis was performed by using one-
way ANOVA, with a value of P < 0.05 considered as
significant.
3. Results
To analyze the cytotoxic effect of ethanol in cultured
cells (C6 and A549 cells), we first measured ethanol-
induced change in the mitochondrial dehydrogenase activity
(XTT assay) (Fig. 2). The magnitude of the enzyme activity
was unchanged with either 50 or 100 mM ethanol in both
C6 and A549 cells after 12- and 24-h exposure compared
with the untreated control, while the activity decreased with
200 or 400 mM of ethanol after either 12- or 24-h exposure
in C6 cells (Fig. 2A). In A549 cells, the activity was
unchanged after 12-h exposure with either 200 or 400
mM of ethanol but decreased after 24-h exposure (Fig.
2B). These results suggest that C6 cells might be more
susceptible to ethanol than A549 cells.
Fig. 4. Ethanol concentration-dependent increase in the amount of annexins
IV in C6 cells. C6 cell were incubated with various concentrations of
ethanol for 12 h and the cell lysate containing 20 Ag was resolved by SDS-
PAGE and then transferred to PVDF membrane. Western blotting was
performed with the specific antibody against annexin IV and actin. (A)
Representative Western blots; (B) densitometric analysis of the intensities
of the immunostained bands. Relative ratio of annexin to actin was shown.
Data represent meanF S.D. of three experiments.
Fig. 5. Effect of overexpression of annexin IV on ethanol-induced cell
lesion. (A) C6 cells were transfected with either vector alone (pcDNA3.1)
or annexin IV DNA. After transfection, the cell lysate containing 10 Ag was
resolved by SDS-PAGE and then transferred to PVDF membrane. Western
blotting was performed with the specific antibody against annexin IV and
actin. Representative Western blots are shown. (B) After transfection, the
cells were incubated with 400 mM ethanol for 12 h. Relative mitochondrial
dehydrogenase activity of the cells is shown; the magnitude of the enzyme
activity of the control (without ethanol) (transfected with vector alone) was
regarded as 100%. Data represent meanF S.D. of three experiments.
Hatched bars, no ethanol; cross-hatched bars, incubation with 400 mM
ethanol for 12 h.  , untreated control; +, ethanol treatment. Data represent
meanF S.D. of three experiments. *, significantly different ( P< 0.05)
when compared between the two groups.
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Next, using the antibodies representing specific interac-
tion with each annexin (Fig. 1), we performed Western blot
analysis to monitor the amounts of annexins I, IV and V in
both C6 and A549 cells (Fig. 3). The relative ratio of each
immunostained annexin band to actin band was compared.
The intensity of annexin IV band was augmented by a 12-h
exposure to 200 mM ethanol in both C6 (Fig. 3A) and A549
cells (Fig. 3C). Densitometric analysis indicated that the
amount of annexin IV increased by about 1.5 times, com-
pared with the untreated control (Fig. 3B and D). On the
other hand, the extent of the changes in the intensities of the
immunostained bands of both annexins I and V was almost
comparable with the untreated controls in both C6 and A549
cells (Fig. 3). Thus, it is possible that expression of annexin
IV is selectively augmented by ethanol. We next examined
ethanol-induced increase of annexin IV in C6 cells after 12-
h exposure to varying concentrations of ethanol (0–400
mM). The amount of annexin IV increased in an ethanol
concentration-dependent manner (Fig. 4).
To further investigate the properties of annexin IV in
ethanol-induced cytotoxicity, we next performed XTT assay
using annexin IV-overexpressed C6 cells (Fig. 5). Western
blot analysis revealed that the amount of annexin IV in the
C6 cells transfected with annexin IV cDNA rose to at least
five times (Fig. 5A). After transfection, cells were incubated
with 400 mM ethanol for 12 h and XTT assay was
performed (Fig. 5B). Interestingly, the ethanol-induced
cytotoxicity was enhanced by the overexpression of annexin
IV. The extent of the ethanol-induced decrease in the
mitochondrial dehydrogenase activity was larger in the
annexin IV-overexpressed C6 cells than in the C6 cells
transfected with vector alone (Fig. 5B). Thus, increased
annexin IV is likely to be involved in the enhancement of
ethanol-induced cell lesion in C6 cells.
It has been demonstrated that ethanol augments the
transcription factor NFnB activation by cytokines such as
tumor necrosis factor-a (TNF-a) and interferon a (IFN a) in
primary cultured cells and cell line [19–21]. To investigate
if annexin IV modulates the activity of NFnB in the
presence of ethanol, we analyzed NFnB binding to specific
oligonucleotides encompassing the consensus sequence of
nB with the nuclear extracts from the C6 cells by electro-
phoretic gel mobility shift assay (Fig. 6). It was shown that
the amount of DNA binding to NFnB was significantly
larger when the cells transfected with annexin IV-DNAwere
incubated with 400 mM ethanol. In contrast, the amount of
DNA binding was only slightly increased in the nuclear
extract from the cells transfected with vector alone (Fig. 6).
Since the shift bands diminished when an excess amount of
unlabeled DNA probe was co-incubated (data not shown), it
was concluded that overexpression of annexin IV enhanced
NFnB activation by ethanol in C6 cells. Western blot
analysis with anti-NFnB (65 kDa-subunit) antibody
revealed that the intensity of the immunostained NFnB
band with 65 kDa significantly increased in the nuclear
extract from the annexin IV-overexpressed C6 cells, while
the amount of the 65 kDa band was only slightly increased
in the cells transfected with vector alone (Fig. 7). These
Fig. 6. Effect of overexpression of annexin IV on NFnB activation by ethanol in C6 cells. C6 cells were transfected with either vector alone (pcDNA3.1) or
annexin IV DNA. After transfection, cells were incubated with 400 mM ethanol for 12 h. The cells were harvested and nuclear extracts were prepared as
described in Materials and methods. Equal amounts (1 Ag) of protein were evaluated in an electrophoretic gel mobility shift assay by using 32P-labeled NFnB
oligonucleotide. (A) Autoradiography of the gel; (B) densitometric analysis of NFnB-shift bands.  , untreated control; +, ethanol treatment. Data represent
meanF S.D. of three experiments. *, significantly different ( P < 0.05) when compared between the two groups.
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results are consistent with the electrophoretic gel mobility
shift assay. Thus, the augmentation of annexin IVexpression
by ethanol might facilitate ethanol-induced cell lesion via
NFnB activation.
4. Discussion
In the present study, it was demonstrated that the amount
of annexin IV was augmented by exposure to ethanol in
cultured cells (C6 and A549 cells), whereas the amount of
either annexin I or V was unaltered by ethanol (Fig. 3). The
increase in the amount of annexin IV was ethanol concen-
tration-dependent in C6 cells (Fig. 4). The amount of
annexin IV also increased in an ethanol concentration-
dependent manner in A549 cells (data not shown). These
results may indicate that annexin IVexpression is selectively
altered by ethanol.
Mitochondrial dehydrogenase activity measurement has
been widely used to monitor detection of cell lesion. Using
this method, it was shown that a high concentration of ethanol
(>200 mM) induced cell lesion in both C6 and A549 cells
(Fig. 2). However, the increased amount of annexin IV was
observed with lower concentration of ethanol (50 or 100mM)
than 200 mM (Fig. 3), where the mitochondrial enzyme level
was the same as control (Fig. 2). It is plausible that the
increase in the expression of annexin IVoccurred at the early
stage of cell lesion before damage had been induced.
It has been demonstrated that fetal alcohol syndrome and
neurological outcome are directly related to the neurotoxic
effect of ethanol [22]. We previously reported that the
amount of annexin IV was significantly increased in the
hippocampus of the postmortem brains of alcoholic patients
compared with controls [10]. Since the present study
revealed that the expression of annexin IV is augmented
by exposure to ethanol in cultured cells, annexin IV might
be a biological marker for alcoholism.
The ethanol concentration used in this study seems larger
than the concentrations measured in sober alcohol users in
an emergency room, who had average concentration with
about 60 mM [23]. On the other hand, a high concentration
of blood ethanol in woman drinkers (165–330 mM) was
also reported [24,25]. The ethanol concentration used in this
study is not far from the physiologically relevant concen-
tration.
It has been demonstrated that ethanol augments TNF-a-
induced neurotoxicity, and that ethanol enhanced TNF-a-
and IFNa-induced activation of NFnB [19,26]. Ethanol
exposure itself does not alter NFnB activation, but it does
in the HEP G2 cells transfected with cytochrome P450 2E1
(CYP2E1) DNA [21]. Since CYP2E1 is involved in the
oxidative metabolism of ethanol, it conceivably contributes
to ethanol-induced lesion via oxidative stress. In this study,
it was shown that 200 mM or more of ethanol was needed to
induce cell lesion when ethanol alone was used as the
cytotoxic reagent. Since no exogenous cytokine was added
in our experimental system, the augmentation of annexin IV
might have been caused by the direct effect of ethanol. It is
striking that ethanol-induced cytotoxicity was enhanced by
overexpression of annexin IV in C6 cells (Fig. 5). Only
slightly enhanced NFnB activity was shown with 400 mM
of ethanol alone, but overexpression of annexin IV signifi-
cantly augmented NFnB activity by ethanol (Figs. 6 and 7).
Since no enzymatic activity for annexin IV has been
identified, the overexpressed annexin IV might affect other
unknown enzyme activities that may be involved in oxida-
tive stress.
The role of NFnB is now controversial. It has been
reported that NFnB functions to either promote or inhibit
apoptosis in cells [27]. The present study suggests a
correlation among enhanced annexin IV expression, etha-
nol-induced cytotoxicity and NFnB activation. Thus, it is
Fig. 7. Effect of overexpression of annexin IV in the amount of nuclear
NFnB in C6 cells. C6 cells were transfected with either vector alone
(pcDNA3.1) or annexin IV DNA. After transfection, cells were incubated
with 400 mM ethanol for 12 h. The cells were harvested and nuclear
extracts were prepared as described in Materials and methods and 10 Ag
was resolved by SDS-PAGE and then transferred to PVDF membrane.
Western blotting was performed with the specific antibodies against NFnB
and actin. (A) Representative Western blots. (B) Densitometric analysis of
the intensities of the immunostained bands. Relative ratio of NFnB to actin
was shown.  , untreated control; +, ethanol treatment. Data represent
meanF S.D. of three experiments. *, significantly different ( P< 0.05)
when compared between the two groups.
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possible that NFnB activation might be involved in the
cytotoxic effect of ethanol-induced cytotoxicity.
Annexin IV has been shown to translocate from nucleus
to cytosol in Jurkat T-lymphocyte during Fas-induced cell
death [12]. A strong immunostaining of annexin IV in both
the cytosol and nuclear region was observed in C6 cells after
12–24-h exposure to 50 or 100 mM ethanol in C6 cells
(Sohma et al., unpublished data). Moreover, nuclear annexin
IV diminished after 24-h exposure to 400 mM ethanol and a
strong staining was observed in the cytosol, suggesting that
annexin IV in the nuclei translocated to cytosol (Sohma et
al., unpublished data). These results suggest that annexin IV
translocation might be related to cytotoxicity by ethanol.
Furthermore, it will be intriguing to investigate whether
nuclear annexin IV has a functional role in this process or
not.
An antitumor drug or antimitotic compound (A204197)
increases annexin IV in HCT15 cells [28]. Interestingly,
transfection of annexin IV cDNA into 293T cells imbued the
cells with resistance to another antimitotic compound (pacli-
taxel) [28], indicating that annexin IV contributes to drug
resistance. In contrast, our data revealed that overexpression
of annexin IV enhanced ethanol-induced cell lesion. Thus,
annexin IV involvement in cellular conditions might differ,
depending on the use of drugs.
In conclusion, the present study showed that ethanol
increased annexin IV expression in C6 and A549 cells, but
no increased expression of annexins I or V was seen. Thus,
annexin IV expression may be a specific marker for ethanol.
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